An analysis is carried out to study the effects of temperature-dependent transport properties on the fully developed free and forced MHD convection flow in a vertical channel. In this model, viscous and Ohmic dissipation terms are also included. The governing nonlinear equations (in non-dimensional form) are solved numerically by a second order finite difference scheme. A parametric study is performed in order to illustrate the interactive influences of the model parameters; namely, the magnetic parameter, the variable viscosity parameter, the mixed convection parameter, the variable thermal conductivity parameter, the Brinkmann number and the Eckert number. The velocity field, the temperature field, the skin friction and the Nusselt number are evaluated for several sets of values of these parameters. For some special cases, the obtained numerical results are compared with the available results in the literature: Good agreement is found. Of all the parameters, the variable thermo-physical transport property has the strongest effect on the drag, heat transfer characteristics, the stream-wise velocity, and the temperature field.
NOMENCLATURE

INTRODUCTION
The study of mixed convection flow and heat transfer in a vertical/ horizontal channel has gained momentum in the recent past because of its number of applications in several engineering processes, such as geothermal reservoirs; cooling of nuclear reactors; thermal insulation; energy storage and conservation; fire control; chemical, food and metallurgical industries; and petroleum reservoirs. This type of situation also occurs in electronic packages, microelectronic devices during their operations. Tou (1960) was the first among the others to initiate the study of laminar fully developed mixed convection flow in a vertical channel with uniform wall temperature. This was then extended by Habch and Acharya (1986) for asymmetric heating, where one plate is heated and the other is adiabatic. Thereafter numerous investigations have been carried out on mixed convection in a vertical/ horizontal channel with symmetric and/or asymmetric heating under different physical situations (Vajravelu and Sastri (1977) , , Barletta (1988) , Cheng et al. (1990) , Bejan (1995) , , Chamkha (2000) ). The mathematical models described in these papers deal with three kinds of thermal boundary conditions: (i) prescribed uniform temperature at both walls, which can be either equal or different; (ii) prescribed uniform temperature at one of the walls and prescribed uniform heat flux at the other wall; and (iii) prescribed uniform heat fluxes at both walls. Vajravelu and Sastri (1977) explored the effects of frictional heating on the fully developed free convective flow and heat transfer between parallel vertical walls kept at constant temperature. analyzed the developing flow for asymmetric wall temperature or symmetric wall heat flux by a finite difference method. Cheng et al. (1990) studied the flow reversal with the boundary conditions (i), (ii) and (iii) mentioned above. analyzed the effects of viscous dissipation on the fully developed combined forced and free convection in a vertical channel for the case of prescribed wall heat flux.
All the above investigators restricted their analyses to flow and heat transfer in the absence of a magnetic field. But in recent years, we find several applications of magnetic field, namely in MHD generators, cross field operators, shock tubes, pumps, and flow meters. The flow in an MHD generator channel is seldom fully developed over its entire length, and large heat fluxes occur at the entrance regions of these devices. In many cases the flow in these devices will be accompanied by heat either dissipated internally through viscous or Joule heating. In view of these practical applications, Umavathi and Malashetty (2005) investigated the laminar hydromagnetic flow and heat transfer in a vertical channel with symmetric/asymmetric wall temperatures in the presence of viscous dissipation. Also, the effect of magnetic field and viscous dissipation on fully developed mixed convection flow in a vertical channel was studied numerically by Saleh and Hashim (2010 In all the above mentioned papers, the thermophysical transport properties of the ambient fluid were assumed to be constant. However, it is well known (Lai and Kulacki (1990) , Setayesh and Sahai (1990) , Hassanien (1997) , Attia (1999) , Abel et al. (2002) , Andersson and Aarseth (2007) , , Prasad et al. (2013) , Vajravelu et al. (2014) ) that these physical properties may change with temperature, especially the fluid viscosity and the thermal conductivity. For lubricating fluids, heat generated by internal friction and the corresponding rise in the temperature affects the physical properties of the fluid, and the properties of the fluid are no longer assumed to be constant. The increase in temperature leads to increase in the transport phenomena by reducing the physical properties across the thermal boundary layer. Thus the heat transfer at the wall is also affected. Therefore to predict the flow and heat transfer characteristics of the generator channel, it is necessary to take into account the temperature dependent fluid properties. Hence, the study on the variable fluid properties will help in preventing wear and tear of the equipments we use in day-today life. In view of these applications, the problem studied here extends the work of Umavathi and Malashetty (2005) for the temperature dependent variable fluid properties. Thus in the present paper, we study the effects of variable transport properties on the magnetohydrodynamic mixed convection flow and heat transfer in a vertical channel. Here the thermophysical transport properties namely, the density, the viscosity, and the thermal conductivity are assumed to be functions of temperature. In addition to this, we have also included the contribution of viscous dissipation and ohmic dissipation in the energy equation. Because of the intricacy of the physical model (due to the inclusion of the variable transport properties, the magnetic parameter, the viscous and ohmic dissipations), the momentum and energy equations are coupled and non-linear. The governing non-dimensional, non-linear differential equations are solved numerically by a second order finite difference scheme known as the Keller-Box method. Numerical computations were been carried out for temperature and velocity profiles, Nusselt number and slip velocity coefficient.
The effects of variable viscosity, variable thermal conductivity, mixed convection parameter, magnetic parameter, and the Brinkmann number on the flow behavior and heat transfer process are presented trough graphs and tables, and their salient features are discussed.
MATHEMATICAL FORMULATION
Consider the problem of laminar, hydromagnetic mixed convection flow in a vertical channel. Let the distance between the walls be L: A co-ordinate system is chosen such that the X-axis is parallel to the gravitational acceleration but with opposite direction. The Y-axis is perpendicular to the channel walls and the channel walls are represented by Y =0 and Y=L. The flow is assumed to be steady and the fluid properties are assumed to be constant except viscosity, density and thermal conductivity: They are assumed to vary with temperature.
A constant magnetic field of strength 0 B is applied across the channel. The external uniform magnetic filed is directed along Y-axis, and the induced electric and magnetic fields are neglected.
The flow is being fully developed, we get
where V is the velocity in the transverse direction 
subject to the boundary conditions 1 2 0 , 0, 0 , .
Here, 0  is the ambient fluid density, g is the acceleration due to gravity,  is the volumetric coefficient of thermal expansion,  is the electric conductivity, 0 B is the uniform magnetic field, T is the temperature, p C is the specific heat at constant pressure and 0 T is the reference temperature and it is assumed that
determine the pressure gradient from the equation (1) the mass flux conservation M 1 is required and can be written as:
Here the fluid properties, viscosity and thermal conductivity are assumed to vary with temperature and they are defined successively as follows:
Variation of Viscosity
The coefficient of viscosity is considered to vary as an inverse function of temperature (Lai and Kulacki (1990) ) as follows:
This is reasonably a good approximation for liquids such as water and crude oil (Ling and Dybbs (1987) ). The equation (4) 288 (15 ).
The data used for these correlations are taken from reference (CRC hand book (1986) ). While equation (6) is good up to an error within 1.2% to the temperature difference from 278 K (5 0 C) to 373 K (100 0 C), equation (7) is good to an error within 5.8% to the temperature difference from 283 K (10 0 C) to 373 K (100 0 C). Hence, the reference temperatures selected here for the correlations are very useful for applications.
Variation of Thermal Conductivity
Finally the thermal conductivity  varies with temperature in a linear fashion and useful for the range of 0 0 F to 400 0 F. As in Chiam (1996) , we assume that the thermal conductivity  is of the
where  is a small parameter known as variable thermal conductivity parameter. Here 0  is the thermal diffusivity and 0 k is the thermal conductivity of the fluid. The governing equations can be non-dimensionalized using the following set of dimensionless variables and parameters based on the characteristic width L of the channel:
The reference velocity U 0 is given by 
where , , Pr, and
are respectively the mixed convection parameter, the magnetic parameter, the viscosity parameter , the Prandtl number, the Brinkmann number and the wall temperature ratio parameter. They are defined as Also it is to be noted that liquid viscosity varies differently with temperature than that of gas, therefore it is important to note that r  is negative for liquids and positive for gases. It can seen that in the absence of thermo-physical transport properties, equations (10) and (11) reduce to those of Umavathi and Malasheety (2005) , while in the absence of Brinkamann number and the magnetic parameter equations reduce to those of Hamadah and Wirtz (1991) , and in the presence of therm-ophysical transport properties with the buoyancy force and the magnetic parameter are absent equations reduce to those of Satayesh and Sahi (1990).
Furthermore, when the Brinkmann number and the magnetic parameter are absent, the analytical solution can be obtained for the constant thermophysical transport properties. It is found that our results agree well with the existing results of . For all practical purpose, the physical quantities of interest in this problem are the skin friction and the Nusselt number, and are given by respectively
EXACT SOLUTIONS FOR SOME SPECIAL CASES
Here we present exact solutions in certain special cases. Such solutions are useful and serve as a base-line for comparison with the solutions obtained via numerical schemes. 
No Variable Fluid Properties, No
and using boundary conditions (12) for  can be integrated to give the following fully developed temperature profile
Integration of equation (15), using the velocity boundary conditions results in 
No Variable Fluid Properties But The
NUMERICAL PROCEDURE
The coupled nonlinear ordinary differential equations (10) and (11) subject to the conditions (12) are solved by a second order finite difference scheme known as the Keller-Box method (Keller (1992) , Prasad et al.(2009 ). The numerical solutions are obtained in four steps as follows:
 reduce equations (10) and (11) to a system of first-order equations;  write the difference equations using central differences;
 linearize the algebraic equations by Newton's method, and write them in matrix-vector form; and  solve the linear system by the block tridiagonal elimination technique.
The step size , y  and the position of the edge of the boundary layer L y are to be adjusted for different values of parameters to maintain accuracy. For brevity, the details of the solution procedure are not presented here. To demonstrate the accuracy of the present numerical method, results of the Nusselt numbers for the isothermal boundary are compared with the available results in the literature, for a special case (That is, in the absence of thermophysical properties, Cheng et al. (1990) .). It can be seen from Table 1 that the present results agree very well with those of Cheng et al. (1990) .
RESULT AND DISCUSSION
Employing the above numerical method, the governing equations of the problem are solved for several sets of values of the physical parameters. L The numerical results thus obtained are presented for velocity and temperature in Figures 1-7 . Also the numerical results for the Nusselt number and the skin friction are presented in Table 2 . Since it is not possible to present the results here for all possible permutations and combinations of all the physical parameters, we focus our attention on the effects of the new parameters (related to the thermophysicatransport properties) on the flow and heat transfer fields. Velocity profiles are depicted in Figures 1-3 , whereas the temperature profiles are shown graphically in ures 4-7.
In Figures 1-3 the profiles for the stream-wise velocity u are presented for several sets of values of the governing parameters. The velocity u increases from its value zero at the left wall, reaching to its maximum around the midway of the channel, and attains zero as the other wall of the channel. Figure 1 is the graphical representation of the stream-wise velocity u for different values of the magnetic parameter Mn . The velocity profiles show that the rate of transport is considerably reduced with an increase in Mn . It clearly indicates that the transverse magnetic field opposes the transport phenomena. This is because of the fact that the variation of Mn leads to the variation of Lorentz force, due to magnetic field, and the Lorentz force produces resistance to the transport phenomena. This is consistent with the physics. Mn is to increase the temperature. Physically it means that when a transverse magnetic field is applied to an electrically conducting fluid, the fluid experiences a resistive force known as the Lorentz force, increasing the friction between its layers. Due to this, there is an increase in the temperature in the channel. . From the graphical representation we see that the effect of increasing values of viscosity parameter is to decrease the temperature. This is because of the fact that the increase in r  results in an increase in the thermal boundary layer thickness within the channel. From these graphs we also notice that the temperature distribution is lower throughout the channel in the absence of  and increases with by increasing values of  . The profiles of the temperature distribution for different values of the Brinkmann number Br are shown in Figure 6 . It is to be noted that the effect of the increasing values of Br is to decrease the temperature distribution. The impact of all physical parameters on the skin friction coefficient and Nusselt number may be analyzed from Table 2 . It is of interest to note that the effects of the variable viscosity parameter and the mixed convection parameter are to increase the skin friction and to decrease the Nusselt number. Quite opposite is true with the magnetic parameter.
CONCLUSIONS
This study provides theoretical results for a class of MHD mixed convection flow of a viscous fluid between parallel plates maintained at constant temperatures. The temperature dependent transport properties of the fluid namely, the viscosity, the density and the thermal conductivity are used. The coupled, non-linear non-dimensional equations subjected to appropriate conditions are solved numerically by a second order finite difference scheme known as Keller-Box method, which is found to be accurate and stable for a wide range of the values of the parameters. Some of the important findings are:
 An increase in the magnetic parameter reduces the flow in the channel. This is true even in the presence of temperature dependent transport properties;  The effect of increasing mixed convection parameter is to increase the velocity in the channel and hence produces a reduction in the skin friction;  An increase in the variable thermal conductivity parameter is to enhance the temperature in the channel and this phenomenon is true even with the variable viscosity parameter;  The effect of viscosity parameter is to reduce the Nusselt number. However, this effect is found to be minimum for the non-zero values of the magnetic parameter; and  Of all the parameters, the variable thermophysical transport property has the strongest effect on the drag, heat transfer characteristics, the stream-wise velocity and the temperature field.
